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Abstract The presence of the pathogenic protist Labyrin-
thula sp., the causative agent of seagrass wasting disease 
and mass mortality events, was assessed in 18 seagrass 
meadows in the Balearic region (western Mediterranean). 
This protist was found in 70% of seagrass meadows 
investigated and in all seagrass species present in the 
region (i.e., Posidonia oceanica, Cymodocea nodosa, and 
Zostera noltii). Labyrinthula spp. cultures  
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shoots and subsequent meadow decline could also be 
caused by pathogenic diseases, a possibility that is 
relatively unexplored. 

Historically, there has been evidence of mass mortality of 
seagrass due to pathogenic disorders. The widespread 
decline of Zostera marina meadows along the Atlantic 
coasts during the 1930s was associated with infection by 
the marine protist Labyrinthula zosterae which caused the 
so-called wasting disease (Renn 1936; Young 1943; 
Muehlstein et al. 1991). Similarly, Labyrinthula sp. was 
apparently associated with mass mortality of Zostera 
capricorni in New Zealand in the early 1960s (Armiger 
1964) and Thalassia testudinum in Florida Bay during the 
late 1980s (Robblee et al. 1991). Interestingly, Labyrinthula 
spp. have been found ubiquitously in seagrasses (Muehlstein 
et al. 1988; Short et al. 1993; Vergeer and den Hartog 1994; 
den Hartog et al. 1996), yet outbreaks of disease are 
uncommon. Some authors have suggested that Labyrinthula 
spp. infections only contribute to seagrass mass mortality 
when plant survival is already compromised by other 
detrimental factors, such as hypoxia or light limitation (e.g., 
Robblee et al. 1991; Vergeer et al. 1995). While this may be 
true, factors that affect the potential pathogenicity of 
Labyrinthula spp. (e.g., salinity and temperature) are also 
likely to play a role (e.g., Tutin 1938; McKone and Tanner 
2009). Moreover, it has been suggested that there are 
inherent differences in pathogenicity among Labyrinthula 
sp. isolates (Muehlstein et al. 1988; Boettcher  and Martin,  
personal communication). 

Labyrinthula spp. produce lesions on seagrass leaves 
through enzymatic degradation of the cell wall, condensa-
tion and destruction of chloroplasts and cytoplasm, and 
vesiculation of cell membranes, thereby spreading inside 
the leaf and even reaching the vascular tissues (Muehlstein 
1992). Infections by Labyrinthula spp. strongly decrease 
photosynthesis in the lesions and in adjacent, apparently 
healthy leaf areas (Ralph and Short 2002). 

Labyrinthula spp. have been reported to be associated 
with most marine seagrasses, including: Z. marina, Zostera 
mucronata, Zostera noltii, Zostera japonica, Heterozostera 
tasmanica, P. oceanica, Halodule universis, Halodule 
wrightii, Cymodocea nodosa, Phyllospadix scouleri, Syrin-
godium isoetifolium, Thalassodendron ciliatum, Ruppia 
cirrhosa, Ruppia maritima, T. testudinum, and Halophila 
ovalis (Vergeer and den Hartog 1991; Vergeer and den Hartog 
1994; Martin and Boettcher 
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Island coasts, covering ~1,200 km2. These seagrass stands Isolation of Labyrinthula sp. 
are monospecific and occur at depths of 0–45 m. C. nodosa 
meadows are restricted to shallow bays and below the depth Labyrinthula spp. were isolated from seagrass leaves as 
limit of P.  
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Fig. 2 Representative images of Labyrinthula sp. used in this work. 
All images are of T. testudinum isolate. 
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vectors used were autoclaved pieces of seagrass leaves that 
were placed on Labyrinthula sp. cultures in Petri dishes for 
7 days at 25°C. The leaf sections carrying the Labyrinthula 
sp. were clamped onto healthy leaves of seagrass shoots 
with a piece of clear, flexible PVC tubing. Negative 
controls were sterile leaf pieces that had no contact with 
Labyrinthula sp. cultures. These were fixed to healthy 
leaves with PVC tubing. In addition, we used a Labyrin-
thula sp. 
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samples polymerized at 60°C for 16 h. Thin sections (gray-
silver 
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Caldwell (2006), where Labyrinthula sp. isolates from T. 
testudinum cross-infected Z. marina, but not vice versa. 

The target host range for the pathogen could be much 
broader than was thought previously. The Labyrinthula sp. 
isolated from T. testudinum in Perdido Bay, Florida, 
infected the shoots of all seagrass species tested here, 
including representatives of the western Mediterranean Sea, 
the temperate western Atlantic, and Florida coast. The 
Labyrinthula spp. isolates from P. oceanica were, to varying 
degrees, somewhat less virulent, but still produced infec-
tions on species from other genera. Additionally, Labyrin-
thula spp. used in the present study had different capacities 
to produce lesions, indicating a range of virulence among 
isolates from a given seagrass species, consistent with the 
findings of Muehlstein et al. (1988). Our results also reveal 
that vulnerability to Labyrinthula spp. infections depends 
on the seagrass species as evidenced by the fact that the two 
seagrass species not autochthonous to the Mediterranean 
Sea (T. testudinum and Z. marina) were the most resistant to 
infection by Labyrinthula sp. isolated from P. oceanica. 
Collectively, these results highlight the fact that virulence of 
some Labyrinthula spp. isolates may not be defined by 
phylogenetic or geographical boundaries. 

In summary, this work demonstrates that Labyrinthula spp. 
are prevalent in seagrass meadows of the western Mediter-
ranean Sea and can damage seagrass leaves. P. oceanica may 
be particularly vulnerable to Labyrinthula spp. infections, as 
it is very slow-growing and supports a large belowground 
biomass, so that any loss of photosynthetic capacity may 
compromise its carbon budget and, therefore, plant survival. 
As some Labyrinthula spp. isolates can infect seagrasses 
from outside their geographical region, Mediterranean 
seagrass meadows may be threatened by Labyrinthula spp. 
infections. Increasing worldwide maritime traffic may 
contribute to enhanced vulnerability to Labyrinthula spp. 
infections of these valuable seagrass meadows. Implications 
for avoiding propagation of this disease are then apparent, 
and further examination of the conditions favoring disease 
transmission and development are needed. 
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